INTRODUCTION
Household food security is defined as the ability of a household to secure, either from its own production or through purchase, adequate food to meet the dietary needs of its members for a healthy and active life (Egal and Valstar 1999) . The detrimental effect of HIV illness on food security of afflicted rural households in SubSaharan Africa is well-known (Barnett and Whiteside 2002; United Nations 2008) . HIV/AIDS morbidity impacts on labour, rural household fields are neglected, cultivated areas are reduced and there is a shift from cultivating labour intensive, yet highly nutritious crops to less labour demanding and less nutritious crops leading to a reduction in the quantity and quality of agricultural produce available to the household (de Waal and Tumushabe 2003) . Although the rural poor have always relied on diversity of crops and domestic livestock species to meet their basic needs, the home garden with its associated biodiversity is a neglected resource in adapting to increased nutritional needs and labour constraint due to HIV illness (Gari 2003) . Salick (1997) observed that home garden cultivation became especially important in female-headed households when labour was constrained for field production. In that study, a greater diversity of crop species consisting of both major and minor crops was cultivated to supplement and supply a significant portion of the household's diet.
Dietary diversity, i.e. the number of foods consumed across and within food groups over a reference period, is widely recognized as a key indicator of nutrient adequacy (Ruel 2003; Mirmiran et al. 2004) . Studies show that the overall nutritional quality of the diet improves with increasing number of food groups (Torheim et al. 2003; Steyn et al. 2006; Kennedy et al. 2007 ). Furthermore, consuming diverse diets offers protection against chronic diseases (Cummings and Bingham 1998) , and enhances the immune system in people living with HIV to combat AIDS opportunistic diseases (Soyiri and Laar 2004) .
In a study carried out to assess the biodiversity in home gardens and evaluate its contri-bution to dietary diversity among HIV-positive and HIV-negative rural households, the following hypotheses and sub-hypotheses were formulated:
(1) A higher number of HIV-positive rural household members will contribute in home garden cultivation than in HIV-negative households when field production decreases as a result of frequent ill-health or labour demand for care of the ill household member. (i) Field production in HIV-positive rural households will decrease when frequent illhealth or labour demand for care of the ill household member increases. (ii) A higher number of HIV-positive rural household members will contribute to home garden cultivation than in HIV-negative households when field production decreases. (2) HIV-positive rural households will have higher home garden species diversity than HIV-negative households when the number of household members who contribute to home garden cultivation increases. (i) HIV-positive households will cultivate a greater number of categories of plant species in home gardens than HIV-negative rural households when the number of household members who contribute to home garden cultiva-tion increases. (ii) HIV-positive households will have higher home garden species diversity than HIVnegative households when a greater number of categories of plant species is cultivated in home gardens. (3) HIV-positive rural households will have a higher dietary diversity compared with HIVnegative households when home garden species diversity increases. (i) HIV-positive rural households will consume a higher number of food items from home gardens than HIV-negative households when home garden species diversity increases. (ii) HIV-positive households will have a higher dietary diversity than in HIV-negative households when they consume a higher number of food items from the home gardens. The study used data from a 24-hour qualitative recall of a cross-section of HIV-positive and HIV-negative households in some rural areas in the Eastern region of Ghana to test the above hypotheses.
METHODOLOGY
The cross-sectional study used a multidisciplinary approach combining social, plant and nutrition sciences. Data collection was carried out from 26
th October 2005 to 20 th February 2006 (postharvest season) in the Eastern Region, the administrative region in Ghana with the highest prevalence rate of HIV/AIDS (6.5% compared to 3.1% national rate; Ghana AIDS Commission 2006). The high HIV prevalence in the region is attributed to the return of some Ghanaian females involved in commercial sex trade in neighbouring West African countries with higher HIV prevalence (Oppong 1998) .
A home garden in this study is a small-scale supplementary food production system (Hoogerbrugge and Fresco 1993), located within the homestead or within 10 minutes walk from the homestead, continuously cultivated by and for household members, and comprising of a complex and diverse mixture of annual and perennial plants and livestock (Mohan et al. 2007) . A household is defined as a group of persons who live together in the same house or compound and share the same house-keeping arrangement and are catered for as one unit (Ghana Statistical Service 2002) .
Subjects
A purposive sample of 32 HIV-positive households and a random sample of 48 HIVnegative households each with a home garden were selected from 17 rural communities located in 12 districts in the Eastern Region of Ghana. HIV-positive households were recruited purposively owing to the difficulty in locating individuals living with HIV illness as a result of stigmatization. An HIV-positive household in this study refers to a household where at least one member suffered from confirmed HIV illness, whilst in a HIV-negative household no member was known to have HIV illness (UNAIDS 2008) . HIV-positive households were identified through a nongovernmental association, the Association of Persons Living with HIV and AIDS (PLWHA) in three district hospitals of the Eastern Region of Ghana. The members of PLWHA comprised individuals from different parts of the country who had tested positive for HIV. A sample of three HIV-negative households was randomly selected from each of the 17 communities where the selected HIV-positive households resided based on a list of households with home gardens compiled with the help of community leaders. Three households which did not meet the criteria for a home garden were excluded.
Permission to conduct the research was obtained from the Eastern Regional Administration, the Regional Ministry of Health, Ministry of Agriculture and the Directors of Administration of the three hospitals. Household heads were asked for informed verbal consent for their household to participate in the study.
Study Methods
Demographic, socio-economic and home garden information were collected during household interviews using a questionnaire administered by the researcher in the local language (Twi). The demographic characteristics comprised age and sex of household members, household size, dependency ratio (ratio of number of household members younger than 15 years or older than 65 years to number of household members aged between 15 and 65 years); household type (sex of household head) and educational level (years of formal education) of household head. Socio-economic information included farming characteristics of the household head (part time or full time), number of adult household members (between 15 and 65 years of age) who contribute to home garden cultivation and to domestic livestock rearing and sources of household income. For home gardens, an inventory of the cultivated plant species was compiled and the number of individual plants of each species documented. The species diversity in each home garden was quantified using the Shannon-Wiener index H' = -Σ (p i logp i ), where p i is the relative abundance of occurrence of the ith species in the home garden calculated as the proportion of the number of individuals of the ith species to the total number of individuals (Kent and Cocker 1992) . The plant species were also categorized by way of use: human food (vegetables, roots and tubers, fruits and spices), medicine and animal feed. The different kinds of domestic livestock reared in each home garden were recorded.
Household food intake was assessed by a qualitative recall of foods consumed by the household during the 24 hour preceding of the survey from the household member who prepared the previous day's meals. Foods were counted as the three main meals of the day; namely, breakfast, lunch and dinner, and fruits which were eaten between meals were also included. Foods consumed on multiple occasions during the previous 24 hours were counted only once. The dietary diversity score (DDS) was calculated as the number of food groups consumed using the following food groups: cereals, vitamin A-rich vegetables and tubers; white tubers and roots; dark green leafy vegetables; other vegetables; vitamin A-rich fruits; other fruits; organ meat (iron rich); flesh meats; eggs; fish; legumes, nuts and seeds; milk and milk products; oils and fats and red palm products (FAO 2007) . Food items obtained from the home garden were specified and a dietary diversity score was calculated with DDS (+HG) and without DDS (-HG) home garden products.
Statistical Analysis
The Statistical Package for Social Sciences (SPSS) version 14.0 was used for all statistical analyses. Descriptive analyses were used to summarize household and home garden characteristics; household consumption of food groups and household consumption of food items from home garden. HIV-positive and HIV-negative households were compared with regard to selected socio-demographic variables, home garden characteristics and dietary diversity scores using Student's t-tests. Not normally distributed data were log-transformed before analysis. The averages of the variables presented in the tables are based on back-transformed values (Philip and Cook 2000) . Data pertaining to home garden management practices and household consumption of food groups were assessed in a descriptive manner by evaluating the proportion of each group of households using Fisher's exact test at p < 0.05 level of significance.
RESULTS

Household Characteristics
HIV-positive household heads were significantly older (61 years), more likely to be female, had less formal education (six or more years of schooling) (56%) and had a higher dependency ratio (0.8) than heads of HIVnegative households. They cultivated a smaller area of field crop (0.6 ha), but showed no significant differences in the size of household, engagement in subsistence farming as a primary occupation or sources of income compared with HIV-negative households (Table 1) . Table 2 shows that HIV-positive households did not differ significantly from HIV-negative households with respect to the Shannon-Wiener index, number of categories of plant species, kinds of domestic livestock reared and home garden area. No significant difference was found between the two groups in the proportion of households that solely consumed home garden produce or had free use of the home garden land. In HIVpositive households a significantly higher number of adult household members contributed to crop cultivation and domestic livestock rearing compared with HIV-negative households (2.7 vs. 1.9; 2.2 vs. 1.5, respectively) ( Table 2) .
Home Garden Characteristics
Household Consumption of Food Groups
HIV-positive households consumed a diet with a higher dietary diversity score (DDS) (6.8) compared with HIV-negative households (6.0) ( Table 3 ). While HIV-positive households consumed food items from thirteen food groups, HIV-negative households consumed from twelve food groups (Table 4) . None of the households in the two groups consumed organ meat or milk and milk products.
The majority of both HIV-positive and HIVnegative households consumed a cereal (84% and 73%, respectively), vitamin A-rich vegetables and tubers (81% and 77%, respectively), or white tubers and roots (94% in both groups) the day before the survey. All households consumed vegetables other than dark green leafy vegetables, and fish (the relatively less expensive source of animal protein). A relatively small proportion of households in both groups consumed flesh meat, and eggs which are relatively expensive sources of protein foods compared to legumes: 3% (meat) 13% (eggs) and 38% (legumes) for HIV-positive households and 4% , 4% and 23% for HIV-negative households. Some form of oil or fat was consumed by both groups: HIV-positive 16% and HIVnegative households 10%. A higher (but not significantly higher) proportion of HIV-positive households (47%) consumed red palm products as palm nut pulp soup or sauce or red palm oil compared with HIV-negative households (31%).
Household Consumption of Food Items from Home Garden
To clarify the contribution of home gardens to the dietary diversity score (DDS), the DDS including food items from the home garden DDS (+HG) and that without food items from the home garden DDS (-HG) were calculated (Table 3) and the percentages of households that consumed food from a food group obtained from the home garden were compared within and between the two groups. HIV-positive households showed a significantly higher DDS (+HG) (6.8) compared with HIV-negative households (6.0). The DDS (-HG) did not differ between groups, but there was a significant difference between DDS (+HG) and DDS (-HG) within groups. The contribution of food items from the home garden to the DDS was significantly higher in HIV-positive (14.9%) than in HIV-negative households (9.1%) ( Table 4) .
With regard to the specific food groups consumed (Table 4) , there were no major differences in most food groups although a higher proportion of HIV-positive households consumed cereals, vitamin A-rich vegetables and tubers, dark green leafy vegetables, other fruits, eggs, legumes, nuts and seeds, oils and fats and red palm products. A significant proportion of HIVpositive households consumed vitamin A-rich fruits which were not consumed by any HIVnegative household (16% vs. 0%). A significantly larger proportion of HIV-positive households obtained the vitamin A-rich fruits and red palm products (60% and 31%, respectively) from the home garden compared with HIV-negative households (0% and 10%, respectively).
There was no correlation between the Shannon-Wiener index of home gardens and the dietary diversity score of the rural households studied (r = 0.17; N= 80; p = 0.14).
DISCUSSION
The study assesses the biodiversity in home gardens of HIV-positive and HIV-negative households in rural areas in the Eastern Region of Ghana, and evaluates the contribution of food items from these gardens to dietary diversity. This provided an insight into the contribution of home garden produce to dietary diversity as part of a study to determine the effect of HIV illness on management strategies in home garden cultivation in a rural setting in Southern Ghana.
Household Characteristics
The results presented in this study indicate that HIV-positive household heads are older, more likely to be female, their households have a higher dependency ratio and they cultivated a smaller area of field crop compared with HIV-negative households. Migration to urban areas often draws away the more dynamic youthful members of rural areas in Ghana and so the elderly form a higher proportion of the rural population of which a higher percentage are females. In Ghana, women normally marry men older than themselves, and added to the fact that females live longer than males in most societies many elderly women survive their husbands and often find themselves as household heads (United Nations 2001; Mba 2004) . Moreover women being society's traditional caregivers, often carry the physical burden of providing AIDS care (D'Çruz 2003). As in many developing countries, the extended family in Ghana is a source of support and care for most people during illness and this is also the situation with HIV illness (Mwinituo 2006) . Results of the current study confirm the findings of Booysen et al. (2004) that a higher proportion of HIV-positive households consists of extended-family members, while a relatively smaller proportion belongs to the nuclear family of the household head. The extended-family members included the brothers, sisters, nieces, daughters-in-law of the household head and their young dependents. The majority of the adult extended-family members had come to assist in caring for the ill household member. The higher dependency ratio in HIV-positive households is due to the presence of these young dependents in the household. In HIV-positive households labour constraints due to HIV illness or taking time off to attend to the HIV ill household member could account for the smaller area of field crop cultivated (de Waal and Tumushabe 2003).
Home Garden Characteristics
The participation in home garden cultivation tasks by some extended family members who had moved into HIV-positive households to assist in care giving might have resulted in the significantly higher number of productive adult household members who contributed to crop cultivation in home gardens and domestic livestock rearing than in HIV-negative households. This may imply a higher labour input in home garden cultivation in HIV-positive rural households and could show the importance attached to home garden cultivation. The home garden is an essential part of the food production system in rural areas in Ghana in supplementing household field production (Owusu et al. 1994) .
Agro-ecological conditions are known to have great influence on plant species composition in home gardens (Shrestha et al. 2002) . Most of the plant species recorded in home gardens are species that characterise the semi-deciduous forest zone of Ghana (Bennet-Lartey et al. 2001) . Similar climatic conditions and farming practices across the 12 districts in the semi-deciduous forest zone where the home gardens were located may have contributed to the absence of a significant difference between HIV-positive and HIVnegative households in the Shannon-Wiener index and the number of categories of plant species in home gardens. The home gardens were rain fed and crops were cultivated mainly in the rainy season.
Vegetables cultivated in the home gardens were mainly consumed by households in both groups. In 62% of HIV-positive and 73% of HIVnegative households income obtained from the sale of chickens, sheep and goats reared and surplus home garden produce was used to purchase other food items not available in the home and also to provide other basic needs.
Household Consumption of Food Groups
There was minimum variation in the diet consumed by HIV-positive and HIV-negative households. The traditional Ghanaian diet consists of a staple dish of either a cereal, or a root and tuber crop accompanied by a sauce prepared from vegetables and at times with oil. Red palm oil, an important source of vitamin A, was relatively easily available to households for cooking, since in the preparation of palm nut pulp soup the excess oil is skimmed off the surface of the soup and used for preparation of sauces. Vegetables such as tomato and onions are commonly used in preparing soups and sauces and leafy vegetables are sometimes added. The diet is often supplemented with some protein food source of either animal or plant origin. All households consumed fish in their diet as fish constitutes the major source of protein intake in Ghana (Plahar et al. 1997) . Fish was consumed fried, smoked, dried or in a salted and fermented form as a condiment in sauces. Consumption of fish is particularly high among subsistence groups and other groups with low purchasing power. Among a broad section of people in southern Ghana, meat, eggs, milk and poultry are consumed mostly on festive occasions, or are used to prepare food for important guests (Essuman 1992) . Fruits are consumed to provide vitamins and minerals, and fibre (Oniang'o et al. 2003) .
Household Consumption of Food Items from Home Garden
HIV-positive households consumed a diet with a higher dietary diversity score (DDS) compared with HIV-negative households (Table  3) , which may indicate a better quality of diet (Kant et al. 2000) . When measured at household level, Hoddinott and Yohannes (2002) showed that an increase in DDS is associated with an increase in household per capita energy intake, while studies in South Africa (Steyn et al. 2006) , Kenya (Ruel 2003) , and Mali (Torheim et al. 2003) show positive and significant associations of DDS with micronutrient intake at the individual level. However, no consensus exists on what level of DDS represents risk of nutrient inadequacy (Kennedy et al. 2007) . Although the present study did not investigate whether the increase of DDS was purposely done by the households, from a nutritional point of view an increase in energy intake would be beneficial to the individual living with HIV in view of the advice on 10% increase in energy intake (WHO 2003) . Furthermore, the higher DDS in HIV-positive households is attributed to the relatively larger number of households that consumed fruit and vegetables, particularly vitamin A-rich fruits and red palm products as shown in table 4. As part of an education programme to improve the health of persons living with HIV, the importance of vitamins in the diet is emphasized at monthly meetings of the PLWHA. Vitamin A is essential for individuals living with HIV to strengthen the immune system and to reduce the severity of opportunistic infections and HIV disease progression. For other household members, it enhances the general level of health and immunity and reduces vulnerability to HIV illness (WHO 2003) . Studies have indicated that vitamin A supplementation shows positive benefits to HIV-positive individuals but findings are not conclusive (Austin et al. 2006) . However, consumption of (orange-fleshed) fruits and vegetables provide a readily available and reliable source of vitamin A and its consumption ought to be encouraged (Talukder et al. 2000; Schrimshaw 2002; Bruce Fife 2004; Faber and Van Jaarsveld 2007) .
The plant species cultivated in the home garden offered an important source of micro nutrients and vitamins and contributed significantly to DDS of HIV-positive households. The higher contribution of home garden produce to DDS in HIV-positive households is attributed to a relative higher proportion of households that consumed food items from the home garden (Table 4) . This result supports the findings of Salick (1997) that female-headed households depend on home gardens much more than the average household when labour is constrained for field production.
The absence of a significant difference between HIV-positive and HIV-negative households in the Shannon-Wiener index of the home gardens contradicts our working hypothesis. In the study, we anticipated significantly higher species diversity in home gardens of HIV-positive households and consequently a high DDS, but the results showed that the higher ShannonWiener index did not reflect in a higher DDS in HIV-positive households. This implies that a rural household does not cultivate a greater diversity of plant species in the situation of HIV illness, but rather consumes more of the food items from the home garden. The study by Salick (1997) reported greater diversity in home gardens and a corresponding higher intake of food items from home gardens based on home gardens cultivated by only female-headed households whilst the present study assessed plant diversity in home gardens of both male-headed and female-headed households.
Biodiversity is essential for food security as it provides a diverse range of edible species used as sources of food. A diversity of foods from plants and animals remains the best means to achieve a balanced diet. Johns (2003) provided empirical evidence which supports the hypothesis that biodiversity could be equated with dietary diversity, which in turn could be equated with health. In the current study there was no clear trend between Shannon-Wiener index and DDS which implies that household dietary diversity is not associated with home garden plant species diversity. This is however, the first empirical study that has explored the link between biodiversity in terms of Shannon-Wiener index and dietary diversity.
Methodological Issues
The identification and selection of HIVpositive households for the research posed a challenge due to the difficulty in identifying persons living with HIV because of the stigma attached to the disease (Agyeman 1993) . Therefore, HIV-positive households were purposively sampled through an organization involved in AIDS counselling and care. A sample of 32 HIV-positive and 48 HIV-negative households located in 12 districts (out of the total number of 21) of the Eastern Region of Ghana was recruited for the survey. To ensure the representativeness of the sample, three HIV-negative households were randomly selected from a list of households compiled in each community where an HIV-positive resided. The selected HIV-negative households had no household member with confirmed HIV illness and had a home garden that satisfied the required criteria.
The study was conducted in the Eastern Region where 67% of its population live in rural areas and the prevalence of HIV has consistently been higher since 1986 when the first cases of HIV illness were reported (Ghana Statistical Service 2002; Ghana AIDS Commission 2004) .
The small sample studied is a limitation in generalizing the findings of this study. In addition trends in differences which fit the hypotheses could have been significant with larger samples. The geographical location and socio-economic diversities of the sample are however appropriate for the study.
Despite the report that the 24-hour dietary recall method relies on respondents' memory and does not take care of day to day variation in food intake (Witschi 1998) , the method was considered reliable to determine dietary diversity. This method is consistent with that used by Savy et al. (2006a) and Kennedy et al. (2007) . The short recall period was expected to reduce recall bias which is likely to occur in a rural situation where the level of education is low (Swindale and OhriVachaspati 1999) . Savy et al. (2006b) also showed in a study in Burkina Faso the longer the recall period, the greater the likelihood of underreporting.
CONCLUSIONS
The results of this study indicated that HIVpositive rural households cultivated significantly smaller area of field crop but a significantly higher number of adult household members contributed to home garden cultivation than in HIV-negative households. This shows the importance given to home garden cultivation in rural households in situation of HIV illness. The increase in labour input in home garden cultivation in HIV-positive households did not present a higher Shannon-Wiener index of the home garden compared with HIV-negative households. HIV-positive households consumed a diet with a higher dietary diversity score compared with HIV-negative households. Vitamin A-rich fruits and red palm products from the home garden contributed to the higher dietary diversity score in HIV-positive households. This suggests that rural households do not cultivate a greater diversity of plant species in home gardens in the situation of HIV illness, but rather consume relatively more food items of the essential food groups from their home gardens.
The higher dietary diversity score implies a better nutrition in HIV-positive households. However, given that consumption of diverse foods does not imply a nutritionally adequate diet per se, the nutritional benefit of the higher dietary diversity score in HIV-positive households requires further investigation. The cultivation of fruits and vegetables in home gardens should be promoted as part of a nutrition-based intervention for rural communities. This will not only increase the availability and consumption of diverse foods, including vitamin A-rich foods but also enhance the health status of persons, particularly those living with HIV.
